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& Overview

ANALYSIS WORKSHOP

Motivation: Address the need for propulsion
 ldentify Design Constraints
* Requirements

« Current Propulsion Technologies
— Electric
— Chemical
— Conventional solar thermal

* Introduce Proposed Concept
— Overview

— Workable engineering design
» Heat exchangers (solar array, propellant-tank, radiator)
» Concept integration

 Initial Propulsion Analysis
« Conclusion
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Motivation

ANALYSIS WORKSHOP
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e Maintain orbit during lifetime

« Orbital changes (includes
de-orbiting at the end of
mission)

http://earthobserv-atEer.nasa.gev}léeéftu'res/Oi'bitsCatang/pAge:-}.php
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« Size
- 1-U
 Mass
* Pico-satellites < 1 kg
« Nano-Satellites 1-50 kg
 Power

« 1W/kg
. . PoLY-P1COSATELLITE ORBITAL DEPLOYER
PY S u p p O rtl n g te C h n O I 0 g I e S http://pynoticias.blogs .com/2?12/08/p-pod-o-

* Launch mechanisms- impos¢,,,....
form-factor constraint

« QOperational
- LEO
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Access Area

Standoff Remove Before Flight Pin Slide
Access Area
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e« Sjze
« Be ableto fitin 1-U

e Mass
e Low mass
 Power

 Low power

« Supporting technologies S S——

° U Se C u rre nt S u p po I"[I n g http://pynoticias.blogspat.com/2012/08/p-pod-o-
technologies

e Operational

« Use available
resources

Kill Switch 2 RJ45 Data Port Spring
\ - Access Area

Standoff Remove Before Flight Pin Slide
Access Area
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The EPFL is leading a consortium developing an ultra-miniaturized ion thruster
in the framework of a European research project. With this technology, small satellites
will finally be able to autonomously change orbits.

lon flowy
(thrust)

Solar cells

@)

Tank ° lons
of ionic liquid molecules charged
with electricity

0,

ity guides the propellant
O <

Voltage
4000 V, max. 4 W, provided by the solar cells.
Each second, a change in polarity alternately
extracts positive and negative ions

http://Imts.epfl.ch/MEMS-ion-source

The thruster

Mass: ~200 grams
Tank capacity: 50 to 200 mi

Inhgla;‘)hm: Pascal Goderay / EPFL




Chemical thrusters
The proposed MEMS based VLM and chemical microthruster

Vaporizing chamber

Inlet channel

Catalyst based chemical microthruster
Vaporizing liquid microthrust

Inlet nozzle In plane exit nozzle
oo ,mmhata' \

Targeted Specification: -

Weight of satellite: 10 Kg ;

Yearsin orbit  :5Yrs '

Thrust :1mN. | i
Bottom beater: Chamber pressure : 1.0 bar Ma02 nant coated chamber |

3D schematic view of complete MEMS microthruster Propellants : H,02 & H20 Schematic view of MnO, nanowire embedded microthruster

sandwiched between top and bottom microheaters. showing various micromachined components.
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Microphotographs of the fabricated top (a) and bottom (b) layers and

6@. complete packi
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Measured thrust output for a microthruster with hydrogen peroxide delivered FESEM Images of MnO, Nanowires of various magmﬁcabons embeddedin
at various flow rates by syringe pump. Different locations of microthruster chamber.

http://www.techpedia.in/award/project-detail/Performance-Enhancement-of-Microthruster-using-Nano-engineered-MEMS-Structure-for/1673
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& Current Propulsion Technologies NF A

RKSHOP

Conventional Solar Thermal thrusters

Propellant
/| Concentrated N
f i Sunlight

Solar Thermal Thruster

Solar Concentrator

http://mech-
hm.eng.hokudai.ac.jp/~spacesystem/study_e.html
http://www.ecofriend.com/green-satellite-engines-from-pentagon-by-2008.html
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Proposed Solar Thermal Concept NFS

O

« Concept revolves around moving thermal energy (form
of heat) from the solar array to the propellant

* Plan on accomplishing this with a series of heat
exchangers

Solar Array > Propellant

A

Radiator <€
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Solar array always orientated facing the sun
Propellant tank facing the planet

At the heart of the design is understanding the temperature
behavior of the solar cells in LEO

Piping

duiaej-ung

Payload
Area

duloej-1aue|d

Space-facing
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Solar Cells Surface Finishes

Look at two major characteristics: (1) Absorptivity, and (2) Emissivity

The Analytical Prediction of the Temperature of Solar Array
( for Four Ideal Surface Finishes)
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€ £
Analytical Temperature Prediction of a Solar Array

according to each surface type
for determining the solar array backside thermal design

4 Type Ideal Surface Finishes

Kim, H-K., Lee, J-J., Hyun, B-S., Han, C-Y., ‘Thermal Design of the Solar Array in a Low Earth Orbit Satellite by Analytical and Numerical Methods’,
Korea Aerospace Research Institute (KARI)
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Proposed Architecture

Solar-Array-Heat-Exchanger

» Consist of a single phase fluid-filled heat-exchanger pipe in contact
with the solar array and a thermal insulator.
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Figure 10. (a) Solar array heat pipe arrangement. (b) Side view (c) Isometric view
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Proposed Architecture

Radiator -Heat-Exchanger-Design

« Single-phase fluid-filled heat-exchanger pipe exposed to space.
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Figure 12. (a) Radiator side view (b) Radiator top view
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&

Propellant-Tank-Heat-Exchanger
« Consist of a fluid-filled heat-exchanger pipe immersed in the

propellant.
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Figure 11. (a) Cross-sectional isometric view (b) Cross-sectional side view (a) Isometric view
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&

Piping-Design
« Consist of a single phase fluid-filled heat-exchanger pipes and pump.
<
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Assembled Model

 Heat-
Exchangers

 Associated
piping

* Pump

TFAWS 2017 — August 21-25, 2017 16


Anamation_03.wmv

« Using established relations

for exhaust vel_o_c:lt_y, thrust 2k Y RT
force and specific impulse. V. = ; C

Compare, using thrust force
and specific impulse,
various technologies under
development for small
satellite (Cube-Sat) F=mV
propulsion.

Compare concentrated solar

thermal with the proposed =
heat exchanger concept | =
(using water, ammonia, hydrogen and mg

hydrazine as propellant choices)
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e Mass flow rate unknown
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l4Ketsdever, Andrew, and David B. Scharfe. ""A Review of High Thrust, High Delta-V Options for Microsatellite Missions."* (2009
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Propulsion Analysis — Specific Impulse

e Mass flow rate unknown
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l4Ketsdever, Andrew, and David B. Scharfe. ""A Review of High Thrust, High Delta-V Options for Microsatellite Missions."* (2009
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4/%%  Propulsion Analysis — Thrust Force fasa

=

« Compare solar thermal concentrator (200 — 400 deg C) with
solar thermal heat exchanger (50 — 110 deg C) concepts

« Use same mass flow rate and propellants
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Propulsion Analysis — Specific Impulse £LE

« Compare solar thermal concentrator (200 — 400 deg C) with
solar thermal heat exchanger (50 — 110 deg C) concepts

« Use same mass flow rate and propellants
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Al Proposed Nozzle Exit Placement *“A
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Conclusion

* We are proposing a new
concept when looking at solar ==
thermal propulsion. ((

« The proposed heat exchanger ==
solar thermal concept
compares well with other
technologies under
consideration.

* We observe from initial analysis
that we can recover
approximately 70 — 75% of .
thrust force and specific impulse
values.

« Concept warrants further
Investigations.

Ise (s)

5

TFAWS 2017 — August 21-25, 2017 23



Next Phase of Study

« Continued development of computational models (with a
focus on the thermal heat exchanger models)

* Do in initial experimental proof of concept.
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